Uncoupling proteins (UCPs) belong to a distinct cluster of the mitochondrial anion carrier family. Up to five different uncoupling protein types were found in mitochondria of mammals and plants, and recently in fishes, fungi and protozoa. They exhibit a significantly conserved structure with several motifs specific to either the whole cluster or protein type. Uncoupling proteins, as well as the whole mitochondrial anion carrier gene family, probably emerged in evolution before the separation of animal, fungi, and plant kingdoms and originate from an anion͞nucleotide or anion͞anion transporter ancestor. Mammalian UCP1, UCP2, UCP3, and plant uncoupling proteins pUCP1 and pUCP2 are similar and seem to form one subgroup, whereas UCP4 and BMCP1 belong to a different group. Molecular, biochemical, and phylogenic data suggest that UCP2 could be considered as an UCP-prototype. UCP1 plays its biological role mainly in the non-shivering thermogenesis while the role of the other types is unknown. However, hypotheses have suggested that they are involved in the general balance of basic energy expenditure, protection from reactive oxygen species, and, in plants, in fruit ripening and seed ontogeny.
INTRODUCTION
The transport of metabolites across the inner mitochondrial membrane is achieved by specific integral membrane carrier proteins. Most of these carriers transport anions (fatty-acid anions, ADP, ATP, phosphate, oxoglutarate, malate, aspartate, glutamate, citrate, or pyruvate) but some of them transport zwitterionic substrates (ornithine, carnitine, or glutamine To whom correspondence should be addressed. E-mail: parruda@turing.unicamp.br mitochondrial carrier proteins have been purified to homogeneity and reconstituted into artificial membrane systems, which is essential for identification, detailed functional characterization, and structural studies [4] . All mitochondrial carriers exhibit molecular weights in a very narrow range of 28-34 kDa. All of them have a protein molecule consisting of three repeats of about 100 amino acids and every repeat contains two hydrophobic transmembrane domains.
Uncoupling proteins found in mammalian and plant mitochondria (UCPs) are members of this carrier gene superfamily because (1) they have a high sequence homology with other carriers and (2) [14] . Expressed in bacteria and reconstituted in proteoliposomes, UCP2 and UCP3 behaved identically to UCP1, with exception of lower affinity to purine nucleotides (K i,GDP were 20 µM for UCP1, 1.2 mM for UCP2, and 1 mM for UCP3, Ref. 15). Their role remains unclear. UCP2 may play a role in fine-tuning the efficiency of oxidative phosphorylation and in preventing of superoxide production in mitochondria [16, 17] . UCP2 and UCP3 genes are located within quantitative trait loci for obesity [11, 18] and are regulated by leptin [19, 20] , implicating the role of corresponding proteins in the regulation of energy balance. UCP4 may be reasonable for the mitochondrial proton leak observed in brain tissue, and may potentially be involved in adaptational thermoregulation and heat production in both fetal and adult brains [13] .
In 1995, i.e., before the discovery of any UCP other than UCP1, Vercesi et al., discovered a different uncoupling protein in plant mitochondria and named it PUMP (plant uncoupling mitochondrial protein, Ref. 21). The discovery of plant homologue of UCP, let us say second UCP, was the first evidence that uncoupling protein is not only the protein with some very specialized function in the specific mammalian tissue but its physiological role may be more general. To avoid a possible confusion with the term ''pump,'' used for transporters responsible for active transport, we prefer to use the term pUCP (plant uncoupling protein). So far, five genes encoding pUCPs have been identified-StUCP from potato [22] , AtUCP1 (formerly AtPUMP, [23, 24] ) and AtUCP2 [25] from Arabidopsis, and SfUCPa and SfUCPb from spadix of skunk cabbage [26] . AtUCP1 and StUCP have been expressed in E. coli [27] and yeast [22] , respectively. Similarly to UCP1 [9, 28] , UCP2
